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Outline
� Intro–whatdoweknow, whatdowe wantto know?

� � beamchoices

� DetectorChoices

� FromProbabilitiesto Mixing Angles

� Conventional � BeamProposals

� Broadband,narrow band

� First Maximum,SecondMaximum

� CombiningConventionalExperiments

� � Factory

� Ultimatereachin ��� � � � 	 
� Combining � factorymeasurements
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From Discovery to Confirmation:

SuperK:
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Upward Through Going Upward Stopping K2K:

SuperK:

SNO:
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From Confirmation to a Framework...

While MINOS andmoreKamLAND andSNOdatatake usfrom
cofirmationto precision,framework is beingdeveloped...
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� 	 
 and C : Mor e than just an angleand phase...
� Ar eNeutrino Massesin the “wr ong” order?

Scattering:          only!ν ν
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Phys. Rev. D17 (1978)
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�L M
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ννe

from MenaandParke,hep-ph/0312131

� CP violation � This could bewhat brings us all here...
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Designinga Neutrino Experiment
� currentdesigns:pin down (or eliminating) S T �

� next generation:Discovery of a non-zero� 	 


� from discovery to confirmationto precision...

� E F � G � � D H, ] ^ �� � � � � 	 
`_ a ^ ��� � 	 
 �� � C J b b b

� CPViolationwithoutmattereffects:

E F � G � � D H9 E F I � G � I � D HE F � G � � D HKJ E FI � G � I � D Hc
S T � defhgL

�� � C
��� � 	 


� MattereffectswithoutCPviolation:
Becauseearthis filled with electrons...

E F � G � � D H9 E F I � G � I � D HE F � G � � D HKJ E FI � G � I � D H ,
�L M

L N O2P Q2R L M

L N , S T �UVW� � X Y Z D[ 7 7 X > \
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Neutrino BeamChoices
� ConventionalBeam

(maybe bend)
i ii ij jj jProtons

Shieldingfocus Let them   
decay

π,Κ,(µ)π,Κ ,%νeµν
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e e
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� BetaBeam
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few%p

focus, accelerate decay

νe eνor
He  or    Ne186 He  or    Ne186
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� NeutrinoFactory
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Why is � G � � D hard? It’ s the Detector...
x Wealreadyknow it’s yz { effect (CHOOZ)

x Unavoidable M | contaminationof } ~ { �x Canmistake ��� � G � ��� for D��

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �
� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �

(lost)ν

γ
γ0π

Z,W

ν,µ

Why is � D � � G hard? It’ s the Beamline...

x Have to make a M factoryor � -beam

Why is � D � � � hard? Beamlineand Detector
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DetectorChoices:Water Cereknov

CourtesyMark Messier
Extremelygoodseparationfor SingleParticleEventsM QuasielasticEnergy Reconstructionworksverywell...

� ��� W � � �A W ��� �W �A � �� o ��� e d�
But this equationfails for inelasticprocesses:enterbackgrounds...
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DetectorChoices:Fine-Grained Calorimetry

X 0

INTλ

e hadrons

TriedandTrueTechnology

1/3 � � samplingcalorimeter
Hit counting:� ~ � �� � � 	 �A 	z { 2GeV

� � D � M | ChargedCurrent NeutralCurrentBackground

few� 	 � � 
 NC rejectionwith 35-40%signalacceptanceat2GeV
Remainingbackgrounds:CC andNC � � production
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DetectorChoices:LAr TPC
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Single electrons vs Dalitz pairs
20 wires

 pitch = 3 mm

Dalitz pairs
>99% with Edep > 1MeV

single electrons
91.4% with Edep < 1MeV

ExcellentPID andenergy reconstruction
Ref: ICANOE proposalLNGS P21/99
and
www.aquila.infn.it/icarus/
EventscourtesyA. Rubbia

By far the smallest detector-related
backgroundshere,but... by far themost
technicallychallengingdetector
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Emulsion Detectorsfor � Appearance

x What if MiniBooNE Confirms
LSND??

x WhataboutmeasuringM |¡  M ¢ ?x OPERADesign:
Pb-EmulsionSandwich

x PerformancemeasuredinD£� testbeamatCERN

x Wantto testthis
in known M beamtoo!
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In Praiseof Near Detectors

If youcan’t remove all thebackgrounds...

¤ measurethempreciselyin a neardetector

¤ understandprocesseswell enoughto make fardetectorprediction

Oneexample:
MINER ¥ A in NuMI/MINOS
joint Nuclear/Particleprojectto

¤ measurecrosssections

¤ validatemodelsbasedon
nuclearphysicsdata
(e.g.JLabCLAS, Hall C)

http://
www.pas.rochester.edu
/minerva

ConventionalBeamlineswill requirebetterknowlegeof crosssections...thenagain
sodoesnuclearphysics...
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Getting to ¦ § ¨ in 3 generations...© ª¬« ¯® « ° ±³² ´ µ�¶ § ·¹¸ © µ

º » ¶ ¼½¾À¿ Á¿ Â ¼½ ¾À¿ Ã Á » ÂÄ ÅÅÆ
Ç » ÂÈ É; <<Ê
¿ ¼½¾À¿ È ÉË Ã ÌÍÎ Ï ¼ Ð¹Ñ ÒÓ ½ Ô Ð Ì Ó Í

º¿ ¶ Ô Ï ¼¿ Á¿ Â ¼½¾À¿ Ã Á »¿ Ä ÅÆ
Ç »¿ Õ ; <Ê
¿ ¼ ½¾À¿ Õ Ë Ã ¼ ÏÖ Ì Ó Ð Ì Ó Í

º Â ¶ × Ô Ï ¼ Ø Ä ÅÆÇ »¿ Õ ; <Ê Ä ÅÅÆ
Ç » ÂÈ É; <<Ê Ô Ï ¼ Ç » ÂËÃ ¼½¾ Õ Ë Ã ¼½ ¾ È ÉË Ã ½ ¾ Í ÒÓÙ ÒÓ Ò¾ Ô Ò

º Ú ¶ Û × ¼½ ¾ Ø Ä ÅÆÇ »¿ Õ ; <Ê Ä ÅÅÆ
Ç » ÂÈ É; <<Ê ¼ ½¾ Ç » ÂËÃ ¼ ½¾ Õ Ë Ã ¼ ½¾ È É Ë Ã ½¾ Í ÒÓÙ ÒÓ Ò¾ Ô Ò

where

Ç Ü Ý ¶ Ç Þ¿ Ü ÝÃß àÕ ¶ á Ã â ãåä æÈ É ¶ ç Õè Ç » Â ç× ¶ Ô Ï ¼ Á » Â ¼ ½¾ Ã Á »¿ ¼½ ¾ Ã Á » Â ¼½ ¾ Ã Á¿ Â

andtheè signifiesneutrinosor antineutrinos
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Scalesof éêë Ã ì ¦ § ¨

θ   =0

for CP 
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10 10

Finding
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10
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3x10
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MINOS

CNGS

−2

Phase I SB’s 

Combinations
of conventional

Combinations
of conventional

Phase I SB’s 

Conventional
Phase I 

Superbeams13

Beam PeakEnergy Mass Power ¼½ ¾í¿ Ã Á » Â Ø�î Matter
Name (GeV) Detector (kton) (MW) sens.ï Effect
OPERA 17 Pb-Emulsion 1.8 0.15 0.04 -
ICARUS 17 LAr TPC 2.4 0.15 0.03 -
MINOS 3.5 Steel-Scint. 5 0.4 0.05 -
T2K .7 ð¿ ñò 22.5 0.8 0.006 - -
NO¥ A 2 Wood-Scint. 50 0.4 0.004 - ó CP

PhaseI SuperbeamCombinations:
Minakata,Nunokawa,Parke,2002;Huber, Lindner, Winter, 2002
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What canyou learn fr om T2K and NO« A?
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Ref: Nucl. Phys. F654,
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With someregions
of parameterspace
wemight just see

hint of CP-violation
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Scalesof é êë Ã ì ¦ § ¨ , continued
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for CP 
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10
−1

3x10
−2

13

Beam PeakEnergy Mass Power ¼ ½¾í¿ Ã Á » Â Ø�î Matter
Name (GeV) Detector (kton) (MW) sens.ï Effect
T2HK .7 ð¿ ñò 450 4 0.001 õ÷ö õ�ø¿ ùûú ü CP
Super-NOý A 2 Wood-Scint. 50+50 2 0.001 » Âþ É¿ ù ó CP
BNL2NUSL 1 ð¿ ñò 500 1 0.004 Ú þ É¿ ù ÿ & ü

CP
CERNSPL+ � .25 ð¿ ñò 400 4 0.0016 � ù É Â ù � CP

PhaseII combinations:Barger, Marfatia,Whisnant2002
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Running at SecondOscillation Maximum

ImagineNOý A and/orT2K measuresº � ý ��� ý æ � ¶ �	 � Ã ...
sin2(2θ13) vs. P(ν̄e) for P(νe) = 0.02
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G.Feldman,HEPAP meeting
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BNL LOI « ° Appearance
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# and Conventional Beamsat CERN
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6 addedprecision...
by includingall measurements
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Why is J /LK J M at a J Factory Easy?
6 Neutrinos/MWprotonpower cf conventionalbeamsN ,.O 8P : Q 3 B

6 No Intrinsic ! 8 in thebeam,only "! 8 ’s

6 Chargeof Muon easierto measurethan / P �5R separation

6 DetectorTechnologystraightforward(seeMINOS)

6 Backgroundsat S : GIH T level, not fewF : GIH B

Pµ

eff

S/N

D−

π−

K −

momentum cut  (GeV)

(c) µ+
q

 Z

ν ν

K,π

Momentumcuton muon
easilyremoves
backgrounds

Cerveraet al, Nucl.Phys.B57917,2000
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Scalesof UVW @ X Y : Z
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Superbeam! Factcombo:Burguet-Castellet al, 2002

! Factorywith ] ID: Donini, Meloni, Migliozzi,2002;Autiero et al, 2003

! Factory“magicbaseline”:Lipari, 2000;Burguet-Castell,2001;Barger, Marfa-
tia, Whisnant,2002;Huber, Lindner, 2002;HuberandWinter, 2003,Asratyanet
al, 2003
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Ultimate J Factory Reach
6 Lotsof work donein past

6 apologiesfor not showing it

6 New Studies: “magic baselines”

=>? ^ ' _ `ba ced' C G , for example ^ ' _ `ba cd' C @ �

fhg i @ Q Gjk

only l 0 remainsof l 0 through l T

Asymmetryis closeto 1 in this case:
seeing! 8 7 ! + at this f gives

A 0 B andmasshierarchy!
Huber, WinterPhys.Rev.D682003
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Combining J Factory and ...

FromDonini, NuFact03:Therewereevenambiguitieswith theneutrinofactory:

Gettingto ultimate
precisionmeans
combining data from
severalchannels:

6 Wrong-signmuons

6 ! + 7 ! m

6 ConventionalBeams

hep-ph/0310014



DeborahHarris,NeutrinoFactoryPhysicsUpdate 25

Summary of Sensitivities

Beam Mass Power noprq s t u v wyx Matter
Name (kton) (MW) sens.z Effect
OPERA{ 1.8 0.15 0.04 -
ICARUS{ 2.4 0.15 0.03 -
MINOS| 5 0.4 0.05 -
CNGS} } 2.35 .15 ~ �� � s } } � CP
T2K 22.5 0.8 0.006 - -
NO� A 50 0.4 0.004 - � CP
T2HK 450 4 ~ �� � ���� ��� ��� 'RD� � CP
Super-NO� A 100 2 ~ �� � ���� 0 B�� 'R � CP
BNL2NUSL 500 1 0.004 T �� 'R � & �

CP
CERNSPL 400 4 0.0016 �R � BR � CP

� Beam 400 .04 T viol. � CP� Factory 50 4 � � ��� � �R � 'R huge!z at� �q vq � �� � ��� v � �q ,at � � � ¡x all evaluatedat differentregionsof parameterspace!{ Komatsu,Migliozzi, Terranova J.Phys.G29 443,2003 |

Diwan,Messier, Viren,L.Wai, NUMI-L-714� Assume5%systematicuncertainty!} } modified,Rubbia,Sala,hep-ph/0207084

Comparisonof Fluxes
perMegaWatt

ateachexperiment:

Note ! Factoryflux
dividedby 3

to fit ongraph!
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Conclusions

Our understandingof the reachof conventional ! beamhasevolved...

6 Narrow bandbeams(“Off Axis”) meanlowerbackgroundsbut...

6 Goingfrom Probabilitiesto Mixing anglesnot trivial

6 Broadbandbeams(CERN,BNL)requireMTon detectorsfor physics

7 Making PMT’s takestime

7 Evenif wateris cheap,MTon andMWattsareexpensive unitsto work in

6 if A 0 B is right aroundthecornerconventionalbeamsmaygetuspartly there

But the PhysicsCasefor a ! Factory is alive and well:

6 ! events/MWprotonpowerstill N ,.O 8 P : G 3 B cf conventionalbeams

6 For precisionmeasurements,wantaprecisionmachine!

7 DetectorTechnologyfor wrongsignmuonappearancewell-understood

7 Flux, crosssectionuncertaintiesstill low

6 Needto studymany channelsfor realtestof theframework...

6 =>? ' @ A 0 B and masshierarchy reachstill : G GF conventional beams...


